1. Introduction. The Green's functions for regions bounded by surfaces of the cylindrical coordinate system are well known.
1 From them solutions may be obtained for problems in which the initial temperature is zero and the surfaces are kept at temperatures which are known functions of the coordinates; the application of Green's function in regions extending to infinity has not been completely studied and the conditions to be satisfied by functions prescribed in such regions are not known. An alternative method of solving such problems consists of using the Laplace transformation and solving the resulting subsidiary equation by separation of variables ; here it is found necessary to assume that temperatures given on surfaces extending to infinity satisfy very narrow conditions, such as those of Fourier's or Weber's integral theorems. This is illustrated in §3. Problems of conduction of heat in regions bounded by cylinders and planes, some of which extend to infinity, and with constant surface (and initial) temperatures, or with a radiation boundary condition dv -+A(*-*.)-0 at a surface, are of considerable importance and the constant surface temperatures do not satisfy the conditions referred to above [cf. §3] . The method given below gives a simple solution of all such problems ; the results given form a complete set from which the solutions of all temperature problems in solids bounded by a cylinder and planes perpendicular to its axis, with constant surface (and initial) temperatures, can be written down. Problems involving a radiation boundary condition at some of the surfaces, and problems on the hollow cylinder, may be solved in the same way.
The method was suggested by that given in a previous note 2 which consisted of the use of a double Laplace transformation ; this gives a solution under very wide conditions on the surface temperatures, roughly that they be of exponential type in the space variable. This method also allows verification that the solution obtained does satisfy the differential equation and boundary conditions. In I it was applied to problems on the semi-infinite strip but it may also be applied to problems involving cylindrical boundaries. The form of the solutions obtained by this process suggests a simple method of solving problems of the types referred to above. This is here applied to obtain solutions for regions bounded by surfaces of the cylindrical coordinate system with constant surface temperatures. In §2 one such problem is solved in detail to illustrate the method, and in §3 the solution is compared with that obtained by direct separation of variables. Other problems are solved briefly in § §4-7.
The method given here is formal both in the application of the Laplace transformation and in that infinite processes are interchanged without justification; in special cases it can be verified directly that the results do satisfy the differential equations and initial and boundary conditions; as remarked above this is best done by the method of I, when applicable. The use of the Laplace transformation and the method of evaluating and justifying solutions by the use of the inversion theorem followed by contour integration will be assumed known 3 and used freely without comment.
Heat conduction in the semi-infinite cylinder z>0,
0Sr<a; r = a maintained at unit temperature for z>0 and />0; z = 0 maintained at zero f or 0 ^ r < a, t > 0 ; the initial temperature zero. We have to solve
We multiply (1) and its boundary conditions (2) and (3) This notation will be used throughout. Equation (6) is to be solved with boundary conditions
Equation (6) As suggested by the form of the results obtained in I, we seek a solution of (6) of type
m .i in which the first term is the solution of the subsidiary equation for the infinite cylinder with unit surface temperature and the second a series of correcting terms which satisfy (6) and vanish when r = a, and whose coefficients A m are to be chosen so that (12) satisfies (9). This requires
satisfies the subsidiary equation (6) and its boundary conditions (8) and (9). As remarked in §1 this result is obtained directly by the method of I. Such a solution will be
This satisfies (6) and (9), and (17) requires ƒ. The solution of the subsidiary equation for the infinite flat plate 0 <z <l with boundary conditions (22) and (23) is (sinh qz)/(p sinh ql), so we choose for the solution of (21) sinh qz where q and q' are defined in (7) and (18) respectively, satisfies the subsidiary equation and its boundary condition at 3 = 0. It also satisfies the boundary condition at r -a since r™ u
Using the inversion theorem we obtain from (30) 6. The region r>a, z>Q; r = a kept at unity for z>0, />0; 2 = 0 kept at zero for r>a, />0; the initial temperature zero. Here
